Introduction
The 2009 A(H1N1) influenza global pandemic presented major challenges for health systems around the world in both developed and resource limited countries. Accurate recognition of viral transmission in the community and predictive assessment of trends in clinical morbidity were required to optimise specific interventions such as antiviral prophylaxis and vaccination of risk groups and more general social distancing measures such as school closures. Novel and flexible approaches to surveillance were required during these periods of rapidly changing disease indicators and fluctuating demand for healthcare delivery.
During the initial phase of the pandemic in England (May to June 2009), laboratory testing focused on patients who fulfilled the national algorithm [1] . The case definition targeted travellers returning to the United Kingdom (UK) from high risk countries (e.g. Mexico) presenting for treatment, mainly in secondary care settings. In parallel, general practitioner (GP) virological surveillance was enhanced to provide an estimate of community morbidity due to the newly emerged influenza A(H1N1)pdm09 virus. Aggregation of data from laboratory-confirmed cases provided a reasonable estimate of growth and spread of the pandemic but as the pandemic progressed, the pattern of healthcare provision shifted.
Rather than contact GPs or visit emergency departments, patients were encouraged to use the national telephone helpline (NHS Direct (NHSD); note that NHSD ceased operations on 31 March 2014). In July 2009, amid the first wave of the pandemic, an influenza-specific telephone and web-based health service was launched (National Pandemic Flu Service (NPFS)) that authorised the collection of oseltamivir for those patients over the age of one year, with no respiratory complications and with no underlying medical conditions who were suspected of having pandemic influenza A(H1N1). NPFS continued through the second wave of the pandemic until early in 2010. Virological surveillance of those in the community seeking access to medical care through these alternative routes was undertaken through selfsampling. The feasibility of this approach had been previously demonstrated during seasonal influenza [2] and was instigated during May 2009 to assist the provision of accurate estimates of number of cases [3] .
Here, virological surveillance data, including semiquantitative analysis of viral load, obtained from patient self-sampling is compared with GP (clinician) sampling to assess the usefulness of this approach for future national surveillance of emerging respiratory infections.
Methods
Community self-sampling Self-sampling was based upon previously validated methodologies for both logistics and laboratory analyses [2, 3] . In brief, symptomatic members of the public who had used either the national telephone service (NHSD or NPFS) and/or the website interface, who were symptomatic for 'cold/influenza' symptoms and issued a prescription/voucher for oseltamivir, were selected for the self-sampling scheme. Each day, equal numbers of eligible participants in England were randomly selected per region based on Strategic Health Authority (SHA) boundaries. A sampling kit similar to those provided to sentinel GPs but modified to fit through a standard letterbox, was sent to the participant's home address. Each kit included a personalised introductory letter, a patient information leaflet explaining the scheme, an instructional sheet on how to take a nasal swab sample, a dry swab, a vial of virus transport medium (VTM) and a short epidemiological questionnaire requesting information on basic patient demographics (age/sex), presenting symptoms and date of onset, date of swabbing and antiviral treatment (start date and number of doses of antivirals, if taken). Pre-paid packaging (which complied with the UN 3373 regulation) was also provided with instructions to return specimens by the postal system (at no cost to the patient) to the Health Protection Agency ( 
Clinician-based sampling through sentinel general practitioners
Sentinel GPs participating in the clinical surveillance network run by the Royal College of General Practitioners (RCGP) Weekly Returns Service (WRS) took a combined nose and throat swab from patients presenting with influenza-like-illness (ILI) [4] . Swabs were placed in VTM and returned to the HPA Colindale laboratory either by post or a hospital courier system (as previously described) [5] . This scheme was operational continuously between October 2008 and June 2010.
Study period
The clinician-and self-sampling schemes were compared on samples from those aged ≥ 16 years, returned within the 15 week period between 6 August 2009 and 18 November 2009, inclusive. During this period of time both schemes were fully operational across England, and were analysed in an identical manner at the HPA Colindale laboratory.
Virological testing by reverse transcription real-time polymerase chain reaction
Returned samples from both surveillance schemes were analysed by real-time polymerase chain reaction (PCR) at the HPA Colindale laboratory as described previously [6] [7] [8] [9] , testing for A(H1N1)pdm09 as well as seasonal influenza viruses (influenza A(H1N1), A(H3N2) and influenza B). Positive results from all schemes were released to GPs who arranged further clinical management as appropriate.
Statistical analysis
Linear regression models were used to assess viral shedding post onset of symptoms. Cycle threshold (Ct) values generated by the real-time PCR assays were used as the outcome variable with delay, scheme and age as predictor variables. The Ct values provided a qualitative positive or negative result that was then used in a logistic regression modelling analysis to compare results obtained from both self-sampling and cliniciansampling schemes. Swabs from the RCGP sentinel virological scheme were taken from patients at the point of presentation to medical services with illness while those taking part in the self-sampling scheme had an inevitable delay due to the posting of the sampling kit to the patient. Any swab obtained where the sampling date was seven or more days post-symptom onset was excluded, as were any swabs for which either the date of swabbing or the date of symptom onset was not recorded. Only adults aged ≥16 years were eligible for self-sampling during the study period, thus data from children were excluded from the RCGP dataset in order to derive an accurate assessment of comparability between the schemes.
The results from the remaining swabs were included in a mixed-effects logistic regression model where the outcome was the binary variable of whether the swab was positive for A(H1N1)pdm09 virus. The following variables were included in the model as fixed effects; centred sequential week number (week), age group (16-24, 25-44, 45-64, ≥65 years), scheme (selfvs clinician-sampling), and delay (day between symptom onset and swabbing). A composite factor for week and English region (London, West Midlands, North, and South) was included as a random effect to enable the temporal trends to vary between regions. The distribution of the random effects was assumed to be Gaussian. The models were fitted using the xtmelogit command in Stata 11, which utilises adaptive Gaussian quadrature to approximate the log-likelihood.
Ethical approval
Self-sampling was undertaken as part of a public health surveillance programme in response to the 2009 influenza pandemic and was carried out under NHS Act 2006 (section 251) which provides statutory support for disclosure of such data by the NHS, and the processing by the HPA for communicable disease control. As such, no explicit ethical approval was necessary or sought.
Results
A total of 26,237 swabs (20,722 self-sampled, and 5,515 clinician-sampled) were received during the pandemic between 28 May 2009 and 18 March 2010, of which 9,292 and 1,949 were within the 15 week study period, respectively. Exclusions included: swabs taken outside England; taken seven or more days after symptom onset; unknown date of swabbing, or symptom onset; contaminated sample (e.g. bacterial or fungal contamination) therefore unsuitable for testing; missing antiviral information (total exclusions: 3,249 (35.0%) self-sampled, and 803 (41.2%) GP-sampled swabs). The remaining swabs (6,043 self-sampled and 1,146 GP-sampled) were analysed as part of this study with a similar PCR positivity rate for influenza A(H1N1)pdm09 of 19.3%, and 25.9% respectively. To compare the submitted samples from self-sampling and clinician-based sampling, trend analysis of viral load was carried out through analysis of the semiquantitative Ct values obtained from PCR positive samples collected through both schemes (Figure 1 ).
There was no evidence of a difference in Ct values between clinician-based sampling and community self-sampling (p = 0.93). There was also no difference between the schemes after the addition of age as a continuous variable for community-based self-sampling (p = 0.15) or for clinician-based sampling (p = 0.20). Age was also looked at as a categorical variable and there was no impact on the overall model (self-sampling p = 0.45; clinician sampling p = 0.38). The models were also not affected by adding time/week of swab (p = 0.26 for both schemes) nor was there evidence of a regional effect (self-sampling p = 0.32; clinician-sampling p = 0.067). The results shown in Figure 1 indicate that when comparable samples were analysed there was no significant difference in Ct values obtained between self-sampling and clinician-led samples.
The sampling of individuals through the community self-sampling scheme was, however, invariably subject to greater delay post-illness onset, because of the time taken for swab kits to be delivered to the patient. There was a clear difference in the delay between onset of symptoms and swabbing in the two schemes, with around half the swabs in the clinician-led scheme taken within two days of symptom onset compared with the four days in the self-sampling scheme ( Figure  2 ). Increasing time post-illness onset is known to correlate with reduced virus shedding in both seasonal and pandemic influenza [8, 10] .
A mixed-effects logistic regression model incorporating the swabbing results from both schemes was fitted. Differences between PCR positivity over time in the schemes were explored by incorporating an interaction Representative results of the regression model are presented in Figure 3 for the 16 to 24 year-old age group, and the northern SHA grouping (North East, North West, Yorkshire and the Humber, and East Midlands) and a three day delay in swabbing ( Figure 3 ). Other age groups and regions exhibited the same temporal differences between the schemes (data not shown).
Discussion
During the early stages of the pandemic, diagnosis and national level statistics were obtained through accumulation of individual case based diagnostic testing in returning travellers [1] . The transition from individual case based laboratory diagnosis and contact prophylaxis in the initial 'containment phase' to the clinical assessment 'treatment phase' of later stages of the pandemic was managed by using sentinel primary care linked clinical virological surveillance to provide estimates of case numbers. Such monitoring is normally used during the winter months and provides gold standards of surveillance with an extensive historical dataset allowing comparative analysis, but limited predictions [4] .
Our work here sought to compare virological surveillance data generated through a self-sampling approach with our gold standard surveillance data generated through clinician led sentinel swabbing practices. The application of this approach during the pandemic supplemented available knowledge in real time [11] and was used for periods of time in parallel with existing RCGP virological surveillance activities.
Self-sampling for near-real time virological surveillance has not been used previously in large scale assessment of respiratory illness in the community during an influenza pandemic. The deployment of this capability was based on our successful pilot scheme in 2008 [2] and was an innovation within the UK health service sector during the global pandemic of 2009/10 [3] . Surveillance was secondary to the provision of patient care, therefore the use of clinical data already available in the health system provided a unique opportunity to evaluate the applicability of the self-sampling approach and assess whether to embed this capability as part of any future national level emergency response strategy.
Self-sampling and clinician-based sampling both provided meaningful semiquantitative data. The analysis of Ct values demonstrated no difference in viral load trends between the schemes when corrections were made for differences in the timing of swabbing and the delays in sampling. This is encouraging as it suggests significant value in obtaining swabs from patients, to test to influenza, later during infection, at a time when it is usually considered that there is limited opportunity to obtain virological information, thus further improving the potential to use self-sampling where delays in obtaining samples might occur.
The results from this work illustrate that self-sampling for virological surveillance can be used to supplement sentinel clinician-based sampling.
There is a general increasing trend towards self-sampling for illness surveillance, to reduce healthcare costs but also deliver innovative surveillance and screening programmes e.g. the use of self-sampling faecal occult bloods largely for detection of colonic cancer, selfsampling of urines for Chlamydia screening in young persons, and now respiratory illness (both viral and bacterial) sampling [12] [13] [14] [15] [16] [17] [18] . These methods may be particularly useful for responding to future influenza epidemics or pandemics which affect younger populations, however, as elderly patients are less likely to use internet or phone health services and therefore may not be included in a self-sampling cohort, this method might be less useful when responding to influenza subtypes that impact on older age groups. In addition, the resources required to develop the infrastructure needed to facilitate the systematic collection of patient data (including: the assembly and dissemination of sampling kits; the collation, analysis and interpretation of data; and the laboratory capacity to test samples) potentially limits the usefulness of self-sampling for responding to small scale or short-lived incidents. However, it may be advantageous to establish self-sampling running on a continuous basis, at a low background level, which could contribute to national seasonal influenza surveillance programmes, but also be scaled up to rapidly response to an emerging threat.
It was difficult to get the evidence for community transmission in those going to GPs for testing as they were predominantly in risk groups at the early stages (e.g. returning travellers). Therefore it was hard to objectively assess the necessity for a change in response phase to the pandemic when only a few areas were particularly affected against a background of relatively low numbers of cases in the general population. In aiming to complement sentinel surveillance, our work here clearly demonstrates that respiratory self-sampling can be applied in a responsive and flexible manner to achieve a wide spread and geographically representative way of assessing community transmission of a known organism. Such a scheme could also be invaluable for targeting specific populations in response to public health threats during specific events.
